Core Ideas
• Rural food-energy-water nexus sustainability is a wicked problem with no easy solution.
• Rural areas are net exporters of products.
• Sustainability must begin at the source of the supply chain-the farm, ranch, mine, or well.
• Rural areas have strengths, critical vulnerabilities, opportunities, and threats.
• Regional threshold indicators can be used to prevent tipping points and avoid system collapse.
2015; McLaughlin et al., 2016) , and reduced fresh water supplies (Horner et al., 2016) . As climate change progresses, water supplies will become less predictable and may, in some areas, be lost.
Rural Sustainability
Traditionally, rural and mining communities provide the raw materials that urban areas convert into manufactured products. Rural areas affect the long-term sustainability of urban communities. Societal failure can be linked to nonsustainable practices (Tainter, 1988; Jefferson, 2015) . Imbalanced systems cause harm to the environment, changing once renewable and recyclable resources such as water into waste. Rural areas are the foundation of the global supply chain. Sustainability must begin at the source of the supply chain-with the farm, ranch, mine, or well.
Food-energy-water resources are the basis of the northern Great Plains' economic backbone, which contains stark distribution contrasts. Most of the northern Great Plains has low long-term unemployment rates (2.9-4.1% [USBLS, 2015] ), whereas on Native American reservations, poverty is rampant (~45%), with an endemic unemployment rate of over 25% (DOI, 2014) . Any shortcomings will affect the most vulnerable segments of society the hardest.
The export of northern Great Plains FEW resources contributes significantly to national and global food and energy supply. The status quo of little or no regard toward rural sustainability cannot continue. A sustainability framework ( Fig. 1 ) must simultaneously consider need and resulting impacts. Society must collectively act to encourage and support sustainable lifestyles and industry changes. Sustainability of FEW will require individuals, societies, and governments to cooperate, innovate, adapt, and likely sacrifice.
Highly efficient production and geographically isolated systems have been developed that will be difficult to improve. The significant gains in production and efficiency achieved in the past will be more difficult to accomplish in the future without substantial investment (Tilman and Clark, 2015) . Innovative new forms of rural transportation, energy transmission and production, agriculture, water purification and recycling, and resource use are critical for sustainable development and growth.
To begin to address rural sustainability issues, a SWOT analysis on northern Great Plains rural sustainability was conducted. This analysis (Fig. 2 ) was compiled from transdisciplinary feedback of more than 100 northern Great Plains scientists and engineers through an NSFsponsored FEW workshop (award #1541736). The following sections summarize the results of this analysis.
Strengths
The northern Great Plains is a tremendous exporter of raw products and resources produced by some of the lowest populations in the nation. In short, a small number of people produces a very large volume of goods. Rural populations are typically self-reliant, conservative, and adaptable and have a close connection to agriculture and nature. Mores supporting long-term planning and risk avoidance may act as sustainability motivators.
The northern Great Plains has a number of strengths: already high agricultural productivity, which may be enhanced by climate change and fertile soils (USEPA, 2015) ; experienced communities (e.g., surviving the 1930s Dust Bowl, mining boom-bust cycles); efficient, developed production systems; known fossil fuel deposits with significant current and future production capacities; and stable, large hydroelectric production and growing renewable energy production (e.g., wind, biofuel) (EIA, 2015b).
Weaknesses
As society copes with resources constraints and anthropogenic change, "tipping points" will be encountered after which the ability to recover will be lost. Identifying and addressing critical vulnerabilities can avoid system collapse (Gleditsch, 2012) . The results of system collapse are more dire than economic downturns or unbalanced budgets. Maintaining FEW nexus sustainability can abate the drivers of negative consequences such as war and famine (IPCC, 2014; Andrew-Speed et al., 2015) and improve food and energy security (USOP, 2015) .
Vital natural systems are being sacrificed to fulfill societal needs and demands. In doing so, the resource systems on which society is dependent will eventually collapse. Society needs to balance natural system requirements with social needs. To be sustainable, consumption patterns need to be changed.
The United States does not have a system for balancing and prioritizing FEW resource distribution. This is in part because nexus interactions are not well enough understood to develop comprehensive policies. Soil systems, ecosystems, and impacts of climate change are highly variable, complicated, and poorly understood. The interconnections between localities, scales, actions, and impacts are complex and often oversimplified. This creates generalized results or narrow perspectives and disciplinary silos.
Economic optimization is not necessarily the same as sustainable optimization. Process improvements, synergistic infrastructure development, and efficient transport will be key to rural export sustainability. Systems will need to be multifunctional and flexible. To accomplish this, long-term issues with rural infrastructure (e.g., electricity), production methods, and changing diets (e.g., meat, fresh produce) need to be addressed. Changes will be costly and will require strong leadership and public support. Unfortunately, stakeholders are often biased by selfinterest or existing beliefs, confused by the complexity of issues, and influenced by special interest groups and partisan media. Unbiased, trusted information sources need to be comprehensively developed and openly available. Sustainability projects need to engage stakeholders and build confidence in solutions developed.
Opportunities
Creating a framework for achieving sustainability can help mitigate risks. Key research elements to construct a sustainable framework include: understanding land-use change trade-offs (Jarchow et al., 2015) , and management decisions and valuing ecosystem services; developing need, use, and significance-based systems for resource export and allocation; prioritizing soil and ecosystem health and regional adaptation; integrating actions across boundaries (i.e., disciplinary, social, geographic) and creating holistic support systems; and constructing socioeconomic support (i.e., incentives, penalties) of sustainable behavior.
Society must recognize and plan for regional ecological thresholds resulting from climate and land-use change. Society needs to act to mitigate nonreversible change and avoid long-term impacts of service loss. Researchers must increase the accessibility and applicability of nexus and climate change modeling and forecasting.
The northern Great Plains region needs to optimize and redevelop rural infrastructure through novel, sustainable (synergistic) infrastructure retro-fitting and replacement alternatives. These changes will require national and local public support and engagement. Society needs unbiased research-based information, dialog, and transparency. Innovations that integrate FEW to reuse and reduce waste must be continually developed, especially with respect to long-term water quantity and quality. Advancing and developing products that have cross-cutting sustainability and efficiency benefits will be necessary.
Threats
The northern Great Plains is a critical part of the US agricultural, energy, and water resource production system. Climate change will affect existing crops, livestock, and energy production (GCRP, 2014) . The loss and segmentation of natural landscapes coupled with climate change will exceed ecological thresholds. Regional riverine sediment loading is a direct result of erosion, vegetation health and cover, and storm intensity. Surface water quality, quantity, and use classification changes will affect ecosystems, energy production, drinking water (EIA, 2015a), and distribution of insectborne diseases (GCRP, 2016 ). This will directly affect the ecological health of regional wetlands, which are critical to migratory waterfowl. These factors may result in the destabilization of sensitive habitats (e.g., prairie potholes, Nebraska Sandhills, Badlands), which will be indicative of widespread system collapse.
The continued decrease in vertical integration of livestock and cropping industries (Hinrichs and Welsh, 2003) has led to nonresilient land management practices. Changes in soil structure and health will affect agricultural productivity. Many regional soils were developed over marine sediments and fossil oil reserves containing high salt concentrations; increasing rainfall or brine spills can result in cation deposition which negatively affects soil (Reitsma et al., 2015) . The ongoing disconnect between external owners and occupants often leads to land degradation and resource losses. The continued decline of rural communities and infrastructure may eventually reach a point of loss of efficiency and workforce (Berry, 1977) .
The cost of fuel has a significant impact on rural profitability and distribution of goods. Once costs become prohibitive for export of regional products, production and/ or distribution will likely be curtailed. This may lead to vulnerable segments of society no longer meeting basic needs.
Conclusions
Society must work to address these vulnerabilities so that land stewards and elders are able to continue to understand the land and act in a manner to preserve land and resources for future generations.
